bottom to the surface. Volume of water filtered through the net was calculated with a flowmeter positioned at the mouth of each net. Zooplankton samples were preserved immediately in 5% (v/v) formalin seawater buffered with borax after their collection.
To estimate the abundance and species composition of the ambient prey assemblage, the finer-mesh net samples were used. Using a microscope equipped with a micrometer, we measured the body widths of the copepods that could be preyed on by Sagitta crassa, such as Acartia omorii, Oithona davisae and Paracalanus parvus s.l. The widths were compared with the lengths of the chaetognath.
To identify and count the chaetognath specimens and their gut contents, the coarse-mesh net samples were used. Then, we calculated the food-containing ratio (FCR) of S. crassa, and measured the body length and maturity stage of the S. crassa individuals containing food organisms in their gut. We excluded individuals with prey organisms positioned near the mouth from our analysis because of the possibility of cod end feeding (Baier & Purcell 1997) . The coarse-mesh sample taken at 22:30 in September was used only to estimate the abundance and FCR of S. crassa, because that sample was lost during handling before the measurement of species composition in the gut. The body length (excluding the tail fin) of S. crassa was measured in 0.1-mm size classes.
The maturity stage of the chaetognaths, according to the degree of development of the ovary (Thomson 1947) , was also determined. The stages are as follows:
Stage 0: juvenile in which the primitive germ cells of the gonads have not commenced to develop. Stage I: the gonads are being formed. Stage II: ova are present, small and all alike. Stage III: some ova are large; ripening has begun. Stage IV: all the ova are large. The prey organisms were removed from the guts and identified. The widths of prey with hard bodies, such as copepods and cirripedian nauplii were measured. We could not measure the size of soft organisms such as polychaete larvae and some cladocerans.
We considered primarily that measuring the head width of chaetognaths, such as done by Pearre (1980) , would be better way to examine the relationships between sizes of prey and predator. But, in practice, it takes a long time to measure the head width of many S. crassa specimens. We found the head width of S. crassa increased in proportion to the increase in body length (unpublished data). Therefore, in this study, we use the ratio of prey width to S. crassa length (RWL) to determine the size relationship of prey to predator.
We then calculated Ivlev's electivity index, E (Ivlev 1961): where ri is the percentage of prey i in the gut contents of S. crassa and pi is the percentage of the prey i in the natural environment, which is calculated only from the prey eaten by the predator. Moreover, we compared the similarity between the zooplankton composition in the gut of S. crassa and in the ambient waters using Whittaker's percentage similarity index, PS (Whittaker 1952): where Pri is the percent abundances of prey i in the gut contents of S. crassa and Ppi is the percent abundances of prey i in the natural environment, and S is the total number of prey to be compared.
The TS measurement using a CTD system was done at 16:12 on 15 May and 15:50 on 8 September 1997, respectively, at a station (35°22ЈN, 139°42ЈE, a depth of ca. 45 m) nearby the zooplankton sampling station (Fig. 2) .
Results

TS profiles
In May, water temperature decreased gradually with depth, and ranged from 13.2 to 18.2°C (Fig. 2) . Salinity increased with depth from 31.4 to 34.3 psu. In September, temperature varied from 21.0 to 24.6°C and salinity from 32.2 to 33.5 psu. 
PS Ppi
i S ϭ ϭ min( , ) Pri 1 ∑ E ri pi ri pi ϭ Ϫ ϩ
Zooplankton abundance and species composition
Zooplankton abundance in the water column in May, based on vertical tows, varied from 19.0ϫ10 3 to 24.6ϫ10 3 indiv. m Ϫ3 , with a mean of 22.6ϫ10 3 indiv. m Ϫ3 . Copepods accounted for 49.6-59.6% (mean: 54.1%) of the zooplankton assemblage ( Fig. 3 left) . The most abundant copepod species was Acartia omorii, followed by Oithona davisae. The population density of A. omorii ranged from 4.6ϫ10 3 to 6.0ϫ10 3 indiv. m Ϫ3 (mean: 5.5ϫ10 3 indiv. m Ϫ3 ), and that of O. davisae ranged from 3.3ϫ10 3 to 4.2ϫ10 3 indiv. m Ϫ3 (mean: 3.9ϫ10 3 indiv. m Ϫ3 ). These two species accounted for 21.9-27.3% (mean: 24.3%) and 14.8-22.3% (mean: 17.5%), respectively, of the zooplankton in number.
The zooplankton abundance in September varied from 82.8ϫ10 3 to 174.1ϫ10 3 indiv. m Ϫ3 with a mean of 123.1ϫ10 3 indiv. m Ϫ3 , and the assemblage was comprised mostly by crustaceans (mean: 93.6%) ( Fig. 3 right) . A major part of the crustacean assemblage was copepods (91.5%), which were dominated by O. davisae, with population densities ranging from 64.0ϫ10 3 to 154.1ϫ10 3 indiv. m Ϫ3 (mean: 104.8ϫ10 3 indiv. m Ϫ3 ). Paracalanus parvus s.l. was the 2nd most abundant species, with densities ranging from 5.3ϫ10 3 to 6.7ϫ10 3 indiv. m Ϫ3 (mean: 5.9ϫ10 3 indiv. m Ϫ3 ). In September, densities of O. davisae and P. parvus s.l. were 26 and 19 times higher, respectively, than in May. These two copepods, based on number of individuals, accounted for 79.1-89.1% (mean: 85.0%) and 3.9-7.0% (mean: 5.2%) of the zooplankton assemblage, respectively. A gradual decrease in the total zooplankton abundance with time was mainly caused by a decrease in the numbers of O. davisae.
Abundance, FCR, body lengths and degree of maturity of Sagitta crassa
The chaetognath population in the coarse-mesh sample was composed of three species as follows, Sagitta crassa, S. enflata, and S. nagae. Chaetognath's density was 128.1Ϯ50.6 indiv. m Ϫ3 in September and 98.1Ϯ43.9 indiv. m Ϫ3 in May, respectively. Sagitta crassa accounted for a mean of 92% (91.0Ϯ25.1 indiv. m Ϫ3 ) of all chaetognaths in May and 81% (106.3Ϯ42.8 indiv. m Ϫ3 ) in September. In May, S. nagae was the 2nd most abundant species (mean: 6.7 indiv. m Ϫ3 ), followed by S. enflata (mean: 0.4 indiv. m Ϫ3 ). In contrast, the density of S. nagae decreased to 2.2 indiv. m Ϫ3 and that of S. enflata increased to 19.6 indiv. m Ϫ3 in September.
The density of S. crassa during the night was 2-3 times higher than during the day in both months (Fig. 4) suggesting that S. crassa performed diel vertical migration and inhabited deeper depths in the water column near the seafloor in the daytime as reported by Nagasawa (1991) . In May, the maximum FCR of 36.6% was observed at dusk, and the minimum (21.7%) occurred 2 hours after sunrise (06:30) (Fig. 4) . The mean FCR in May was 27.6%. In September, the minimum FCR (11%) was observed just before dusk (17:00). Then, the FCR increased with time and reached the maximum (40.5%) at 22:30. The mean value was 29.2%. Figure 5 shows the frequency distributions of body length and stage of maturity for the food-containing S. crassa individuals. A large change in the frequency distribution of S. crassa size is evident between May and September. More than 67% of the food-containing chaetognaths were in the mature stages (stages II through IV) in both months.
Prey composition in the gut of Sagitta crassa
In May, copepods were the only crustaceans in the gut, accounting for 87.1% of the gut contents of Sagitta crassa by number (Fig. 6 left) . The most abundant prey organism in the gut was Acartia omorii, which accounted for 71.1% (range: 58.3% to 89.7%) of all prey organisms. Although Oithona davisae was the 2nd most abundant zooplankton, they were a rare component of the ingested prey (mean: 1.4%, range: 0-4.2%).
In September, crustaceans accounted for, by number of individuals, 75.6% (mean) of the gut contents of S. crassa and copepods accounted for 58.9% (Fig. 6 right) . Of the prey organisms, the proportions of O. davisae, Paracalanusϩ Parvocalanus (mainly Paracalanus parvus s.l.), polychaete larvae, and Penilia avirostris were 31.3%, 13.7%, 11.0%, and 9.4%, respectively. Although the small cyclopoid copepod O. davisae comprised the majority of the zooplankton population in the water column (a mean of 83.7%; Fig. 3 right), this species accounted for 31.3% of the gut contents of S. crassa (Fig. 6 right) (Table 1) .
Relationship between the body width of prey and the body length of Sagitta crassa
The relationship between the body width of the prey organisms in the gut of Sagitta crassa and the body length of food-containing S. crassa is shown in Fig. 7 . S. crassa fed on prey organisms with RWL values ranging from 1.5% to 6.0% in May and from 1.4% to 5.2% in September. The frequency distribution of prey width in the gut was wider in September than in May. The median RWLs of the prey were 3.0% in both months. Figure 8 shows the size distribution for the body width of prey copepods in the guts of Sagitta crassa and for the dominant copepods in the water column in May and September. In May, S. crassa consumed copepods ranging from 140 to 330 mm in body width. The most frequent distribution (240-300 mm) for the sizes of prey organisms in the gut resembles the size ranges of Acartia omorii in the water column. The range of body widths for Oithona davisae was between 90 and 180 mm, whereas gut content prey items in this size range were rare.
Frequency distributions for body width of prey in the guts and for dominant copepods in the ambient waters
In September, the size frequency distribution for the gut contents of S. crassa ranged from 100 to 320 mm, and the body width of O. davisae ranged from 90 to 160 mm. Because the ParacalanusϩParvocalanus group was composed primarily of Paracalanus parvus s.l. with a small number of Parvocalanus crassirostris, the size distribution of the width of this species group covered a broad range. O. davisae and P. parvus s.l. were the main contributors to smaller and larger food resources, respectively.
Discussion
Mean body length of Sagitta crassa was 8.9 mm in May and 6.0 mm in September (Fig. 5) . These results represent the temperature-size response, i.e., the size becomes small under high temperature conditions (Kado 1954 , Hirota 1959 . In spite of seasonal changes in the body size of S. crassa, the size range of prey organisms collected from the It is well known that chaetognaths can detect the prey using hydromechanical signals produced by movement of the prey (Bieri 1966 , Horridge & Boulton 1967 , Feigenbaum & Reeve 1977 . Generally, larger planktonic copepods should swim faster and thus generate stronger signals (e.g. Saito & Kiørboe 2001) . Saito & Kiørboe (2001) showed that the encounter rate between S. elegans and its prey increases with increasing prey size. In September, S. crassa selected larger prey items such as calanoid copepods, Acartia omorii and Pseudodiaptomus marinus, but the prey selectivity was low for the small cyclopoid Oithona davisae. Small cyclopoids may produce weaker signals compared with large calanoid copepods, and had a lower probability of being detected by chaetognaths. In laboratory experiments, Nagasawa & Marumo (1984a) reported that larger S. crassa prefer larger copepods as their food, and avoid the smaller cyclopoid O. davisae. Our field observations supported these laboratory results.
Oithona davisae seems to favor small-scale turbulence conditions and keep their position at a suitable depth in the water column for their feeding field (Saiz et al. 2003 ). On the other hand, as has been reported by Kiørboe et al. (1996) , Acartia tonsa, which employs feeding modes similar to those of A. omorii, has two feeding modes (suspension feeding and ambush feeding). Moreover, this species can switch the mode adapting to the mobility of the ambient prey. In heavily eutrophic Tokyo Bay where high plankton abundance and various diets are maintained throughout the year, Acartia feeds on prey actively by switching feeding mode, and migrates vertically in the water column under a diel rhythm (Ueda 1987 , Kimoto et al. 1988 ). Therefore, it is suggested that Sagitta can detect and capture large and actively swimming A. omorii easier than O.
davisae.
According to Nagasawa & Marumo (1984a) , more than 90% of the gut contents of S. crassa in the innermost part of Tokyo Bay in summer, were accounted for by O. davisae. That value was much higher than our values. The high contribution of O. davisae was probably caused by the superdominancy of O. davisae there. Comparing zooplankton abundance measured by Nagasawa & Marumo (1984a, b) with the present study, the population density of O. davisae and S. crassa in the innermost part (815ϫ10 3 and 1175 indiv. m Ϫ3 ) was high relative to that at our site. We calculated the ratio of O. davisae to S. crassa and compared between the two locations, these numbers (694 in the innermost part and 986 near the mouth of the bay) are roughly comparable. In contrast, the ratio of all copepods, except for O. davisae, to S. crassa was low in the innermost part (0.01) and high near the bay mouth (82). The prey composition in the present study was diverse compared with the innermost part of the bay, and included easy-detectable calanoid copepods. These characteristics in the ambient prey composition may lead to negative selectivity by S. crassa to O. davisae. Of course, it is possible that the large number of O. davisae supports the growth of young S. crassa and maintains the chaetognath population as a complementary food resource. Our results show that the energy path from the dominant primary consumer O. davisae to the dominant secondary consumer S. crassa is not always so simple within the ecosystem of Tokyo Bay. It is important to consider the species composition of primary consumers and their predators, their densities and prey-selectivity or predator-avoidance behaviors to understand the food-web dynamics and to model the ecosystem. 
